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Why	  Measure	  Fa#gue?	  
§  Fa@gue	  has	  been	  widely	  

recognized	  as	  problem	  in	  
causing	  accidents	  since	  
early	  1990s	  
–  NTSB	  “top	  ten”	  list	  
–  Labor	  and	  management	  
anecdotal	  informa@on	  

§  Lack	  of	  data	  
–  H104,	  Employee	  Asleep	  

•  Only	  accident	  code	  related	  
to	  fa@gue	  

1	  

10	  

100	  

1000	  

10000	  

1985	   1990	   1995	   2000	   2005	   2010	   2015	  

Fr
eq

ue
nc
y	  
of
	  A
cc
id
en

ts
	  

Year	  

H104	  

Total	  

Total	  Mean	  

H104	  Mean	  

4	  



Fatigue indicators and measures
Blameless accident reporting
Measure program outcomes-costs and
benefits
Database with program outcomes

            Program Type Program Outcomes
for Target Populations

Integrate non-prescriptive and regulatory
Participatory processes with worker input
Legislation updating Hours of Services
Waivers with RDV input
Programs to improve predictability
Validated fatigue modeling and
scheduling software
Positive Train Control

Fatigue education programs and
evaluation
Considering age in scheduling
A successful non-prescriptive program
example

Fatigue monitoring equipment
Monitor effects of rest on performance
Controlling environmental influences
(e.g. cab temperature)
Positive Train Control

Update personnel on new and current
fatigue issues and info
Provide email links to database of
fatigue management practices

Policy Audience
 and Target Population

No common definitions
Under reported as a cause of
accidents
Lack of accessible data on
fatigue practices

Lack of predictability in scheduling
Acute sleep deprivation
Outdated HOS -12 on/8 off
Stalemates with collective
bargaining

Lack of cross- modal  knowledge
Any new legislation will be
cross- modal
Existing methods in other modes

Indicators/Measurement
of Policy Needs

RR culture is resistant to change
Demographic changes of industry;
average age 45; makes night work
harder and fatigue related accidents
Age and experience are good
predictors of accidents

Inability to assess one's own
level of fatigue
Incentive to maintain status quo

1. Define and measure fatigue
and countermeasure results;
compile and synthesize
existing data

3. Understand and influence
the organizational work
culture and practices
regarding fatigue

2. Scheduling
 reform

4. Use technology  to provide
a "safety net" against human
error

5. Increase cross modal
communication on fatigue
issues

Policy and
Program
Audience:

Industry
Management
Fatigue
Managers
Schedulers
Unions
Government
FRA Office of
Safety  (e.g.
accident
investigators)
FRA Office of
Research and
Development

Target
Population:

Industry
Shift workers

Measures:
Health- Fatigue,
Stress
Safety- Accidents,
Incidents, Injuries,
Deaths
Performance- Human
Error
Quality of Life

    - social and family
time

divorce rate
(Efficiency)
(Mobility)
(Security)
Costs

     -health care

Data Sources:
Physiological (e.g.
actigraphs and
cortisol saliva tests),
Self Reported
3rd Party
Administrative data

Measures:
Save money with IRS,
unemployment, health
care and retirement
Results in fewer
health issues
Workers, missing
fewer days due to
fatigue related illness

 Needs/Policy Issues

R&D	  Strategic	  Fa#gue	  Plan	  

§  Comprehensive	  plan	  
to	  address	  needs	  
formed	  in	  2006	  

§  Data	  and	  modeling	  
are	  first	  priori@es	  
–  “You	  can’t	  manage	  
what	  you	  can’t	  
measure”	  

5	  



The	  Need	  for	  Fa#gue	  Models	  
§  Hours	  of	  Service	  rules	  set	  work	  

@me	  limits,	  but	  do	  not	  consider	  
circadian	  rhythms	  or	  physiological	  
need	  for	  sleep	  (sleep	  debt)	  
–  Thomas	  et	  al	  (1997)	  simulator	  

study	  

§  Early	  diary	  studies	  (Pollard,	  1996)	  
told	  us	  when	  train	  &	  engine	  crews	  
worked	  and	  slept	  
–  How	  are	  circadian	  rhythms	  

combined	  with	  sleep	  debt?	  

§  Sleep	  and	  work	  data	  hard	  to	  
understand	  without	  a	  model	  that	  
predicts	  performance	  

	  

6	  

Thag	  Anderson:	  	  first	  fatality	  as	  a	  result	  
of	  falling	  asleep	  at	  the	  wheel.	  



Fa#gue	  Avoidance	  Scheduling	  Tool	  
(FAST)	  
§  FAST	  fa@gue	  model	  
validated	  and	  calibrated	  

–  400	  human	  factor	  (HF)	  
and	  1000	  non-‐human	  
factor	  (NHF)	  accidents	  

–  Risk	  of	  Human	  Factor	  
(HF)	  accident	  elevated	  
when	  fa@gued	  

–  Effec@veness	  is	  inverse	  
of	  fa@gue	  

•  Effec@veness	  above	  90:	  well	  
rested;	  	  	  no	  fa@gue	  

•  Effec@veness	  between	  90	  and	  
80:	  mildly	  fa@gued;	  	  

	  	  	  	  	  	  an	  acceptable	  level	  of	  fa@gue	  
•  Effec@veness	  below	  70:	  very	  

fa@gued;	  an	  	  
	  	  	  	  	  	  unacceptable	  level	  of	  fa@gue	  

–  Lapses	  5x	  more	  likely	  than	  
well	  rested	  person	  

–  Equal	  to	  being	  awake	  for	  21	  
h,	  awake	  at	  7	  am	  

–  Equal	  to	  blood	  alcohol	  level	  of	  
0.08	  
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Effec#veness	  and	  Accident	  
Odds	  From	  Valida#on	  Study	  
Criterion Effectiveness 

Score 
Odds of HF Accident 

> 90 0.84 

≤ 90 1.11 

≤ 80 1.14 

≤ 70 1.21 

≤ 60 1.39 

≤ 50 1.65 



When,	  and	  How	  Much,	  Do	  Railroad	  
Employees	  Work	  and	  Sleep?	  
§  Work/Rest	  Diary	  Studies	  

–  Maintenance	  of	  Way	  	  (MOW)	  
Employees	  	  

•  (not	  covered	  under	  Hours	  of	  Service	  
rules)	  

–  Signalmen	  
–  Dispatchers	  
–  Train	  &	  Engine	  Employees	  
–  Passenger	  Train	  &	  Engine	  

Employees	  
§  Random	  samples	  
§  14	  days	  of	  work,	  rest,	  commu@ng	  
§  Demographics	  
§  Non-‐response	  bias	  studies	  
§  Approved	  by	  Office	  of	  

Management	  and	  Budget	  
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How	  Fa#gued	  are	  Railroad	  Employees?	  
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Current	  Status	  and	  Use	  

§  Passenger	  hours	  of	  service	  rule	  	  
–  Requires	  use	  of	  FRA	  approved	  fa@gue	  model	  
–  Passenger	  service	  rule	  separated	  from	  freight	  rule	  based	  
on	  diary	  studies	  

•  Passenger	  service	  employees	  less	  fa@gued	  than	  freight	  
•  Split	  shiqs	  are	  not	  a	  problem	  

–  Interim	  Release	  periods	  are	  widely	  used	  for	  napping	  

§  All	  diary	  studies	  completed	  prior	  to	  rules	  required	  by	  
Railroad	  Safety	  Improvement	  Act	  (RSIA)	  of	  2008	  	  
–  Provides	  a	  baseline	  for	  evalua@ng	  effect	  of	  rules	  
– Maintenance	  of	  Way	  (MOW)	  provides	  a	  control	  group	  

•  Not	  covered	  by	  Hours	  of	  Service	  (HOS)	  
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USE:	  Monitoring	  of	  Railroad	  Fa#gue	  
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§  Comparison	  of	  FAST	  
scores	  for	  2003	  –	  2005	  
accidents	  vs.	  FRA	  
inves@gated	  accidents	  
for	  2010	  –	  2012.	  

§  Suggests	  a	  cost	  effec@ve	  
method	  to	  monitor	  
fa@gue	  using	  FRA	  
resources	  
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Error	  bars	  show	  95%	  
confidence	  intervals	  


